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SUPERFINE MICROFIBER NONWOVEN WEB 

5 BACKGROUND OF THE INVENTION 

The present invention is related to a microfiber nonwoven web. More specifically, 
the invention is related to a web containing superfine rnicrofibers. 

Microfiber webs, such as meftbiown fiber webs, are well known, and meltblown 
fiber webs are described in various patents and publications, including Naval Research 

10 Laboratory Report 4364, "Manufacture of Super-Fine Organic Fibers" by V.A. Wendt et 
al.; Naval Research Laboratory Report 5265, "An improved Device for the Formation of 
Super-Fine Organic fibers" by K.D. Lawrence et al.; and U.S. Pat. No. 3,849,241 to Butin 
et al. Meltblown fiber webs, which contain thermoplastic rnicrofibers generally having 
less than 10 urn in average diameter, are produced by heating a polymer resin to form a 

15 melt, extruding the melt through die orifices in a die head to form filaments, directing a 
stream of heated fluid, usually air, toward the filaments exiting the die orifice to 
attenuated the filaments, and collecting the filaments on a foraminous surface to form a 
nonwoven web. Because the filaments are still tacky when they are collected, they form 
autogenous interfiber bonds to produce an integrated web. 

20 Although conventional meltblown fiber webs contain fine rnicrofibers, there is a 

need for fiber webs containing finer rnicrofibers. There have been various attempts to 
reduce the diameter of meltblown fibers. One example of such attempts is reducing the 
polymer through-put to the die head. However, this direct controlling approach for 
producing fine meltblown fibers can only be used to reduce the fiber size to a limited 

25 extent since after a certain limit the reduction in through-put interrupts the fiber 

production altogether. Another exemplary process for producing fine meltblown fibers 
involves the steps of producing bicomponent conjugate meltblown fibers of an 
island-in-sea configuration and then dissolving the sea component of the meltblown 
fibers, thereby producing rnicrofibers of the island component. However, the dissolving 

30 process is disadvantageous in that it requires a cumbersome dissolving step and it 

removes substantial portions of the conjugate fibers to produce fine fibers. Consequently, 
the dissolving process tends to be uneconomical and inefficiently utilizes the component 
polymers. 

Yet another group of exemplary processes known in the art for producing fine 
35 fibers is split fiber production processes. However, known split fiber production 

processes may not be suitable for splitting meltblown fibers. The most widely used split 
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fiber production process is a hydro-needling process, which utilizes a pressurized stream 
of water to split multicompon nt conjugate fibers. In general, th process simultaneously 
splits and entangles the fibers to form a bonded nonwoven web. However, the 
hydro-needling process has not been used to produce split meltblown fiber webs since 
s the autogenously bonded meltblown fiber webs, which have very fine breakable fibers 
and contain substantially uniformly distributed numerous interfiber bonds that restrict fiber 
movements, are difficult to split with the mechanical splitting process. 

There are other fine microfiber webs known in the art, and they include glass 
microfiber webs. Although superfine glass microfibers can be produced, the glass 
10 microfibers are brittle and, thus, are not suitable for applications in which strength 
properties of the fibers are important. 

There remains a need for superfine microfiber webs and a production process for 
producing the webs. 

15 SUMMARY OF THE INVENTION 

The present invention provides a web containing superfine microfibers. The web 
contains a blend of a first group of split microfibers which contains a first polymer 
component and a second group of split microfibers which contains a second polymer 
component, wherein at least one of the polymer components is hydrophilic. The invention 

2 o additionally provides a meltblown fiber web having at least two groups of fibers, wherein 
each group of the fibers has a distinct cross-sectional configuration. 

The invention also provides a splittable meltblown conjugate fiber containing at 
least two incompatible polymer components that are arranged in distinct segments 
across the cross-section of the fiber along the fiber length. The fiber can be 

25 characterized in that at least one of the polymer components is hydrophilic. In addition, 
at least one of the component polymers forms distinct unocclusive cross-sectional 
segments along the length of the fiber such that the segments are dissociable. 

The superfine split microfiber web of the present invention exhibits, over 
conventional meltblown fiber webs, improved properties including improved fiber 

30 coverage, strength and textural properties, barrier properties, filtration properties and the 
like. 

The term "steam" as used herein refers to both steam and a mixture of steam and 
air, unless otherwise indicated. The term "aqueous medium" as used herein indicates a 
liquid or gaseous medium that contains water or steam. The term "fibers" as used herein 
35 refers to both staple length fibers and continuous filaments, unless otherwise indicated. 
The term "multicomponent conjugate fiber" as used herein refers to a fiber which contains 
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at least two component polymers that are arranged to occupy distinct segments of the 
cross-section of the fiber along the fiber length. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figures 1-4 illustrate suitable conjugate fiber configurations for the present 

invention. 

Figure 5-6 illustrate exemplary asymmetrical conjugate fiber configurations for the 
present invention. 

Figure 7 illustrates an exemplary superfine split microfiber web production process 
10 for the invention. 

Figure 8 illustrates an exemplary die head for producing meltblown fibers. 
Figure 9 is a microphotograph of a section of a split microfiber web of the present 
invention. 

Figure 10 is a microphotograph of a section of an untreated, unsplit microfiber web. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a superfine microfiber web, and the superfine 
microfibers of the web are produced by splitting splittable conjugate meltblown fibers. 
The superfine split microfiber web contains at least two groups of fibers, and the 

20 polymers forming the two fiber groups are incompatible. In addition, at least one of the 
incompatible component polymers is hydrophilic. The term "hydrophilic" as used herein 
indicates affinity for water. The hydrophilicity of the hydrophilic component polymer can 
be measured in accordance with the ASTM D724-89 contact angle testing procedure on 
a film produced by melt casting the polymer at the temperature of the die head that is 

2 5 used to produce the split microfiber web. Desirably, the hydrophilic polymer has an initial 
contact angle equal to or less than about 80°, more desirably equal to or less than about 
75°, even more desirably equal to or less than about 60*. most desirably equal to or less 
than about 50°. The term "initial contact angle" as used herein indicates a contact angle 
measurement made within about 5 seconds of the application of water drops on a test 

30 film specimen. In accordance with the present invention, the hydrophilic polymer 

component can be a naturally hydrophilic polymer or a hydrophilically modified polymer. 

The splittable conjugate meltblown fiber of the present invention spontaneously 
splits without extraneous mechanical agitation or fibrillation when the fiber is contacted 
with a hot aqueous split-inducing medium. Aqueous split-inducing media suitable for the 

35 invention include hot water, desirably hot water having a temperature of at least about 
60"C, more desirably a temperature between about 65°C and 100°C. Additionally 
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suitable split-inducing media are steam and mixtures of steam and air that have a 
temperature higher than 60°C but lower than the m Iting point of the lowest melting 
polymer of the conjugate fiber in order to prevent inadvertent melting of the polymer 
component during the fiber splitting process. Desirably, the air-steam mixture has 
between about 0% and about 75% of air and between about 100% and about 20% of 
steam. When an air-steam mixture medium is utilized, the temperature of the air, which 
is mixed with steam, can be adjusted to change the temperature of the split-inducing 
medium. For example, the temperature of the air can be elevated to further increase the 
temperature of the steam-air mixture. 

In accordance with the invention, the conjugate microfibers split in a time frame 
equal to or less than about 30 seconds; desirably equal to or less than about 10 
seconds; more desirably equal to or less than 5 seconds; most desirably less than equal 
to or less than 1 seconds, e.g., nearly instantaneous, when contacted with the split- 
inducing medium. In addition, at least about 25%, desirably at least about 50%, more 
desirably at least about 75%, most desirably at least about 95% and up to 100% of the 
conjugate meltblown fiber splits with the present fiber splitting process. 

The superfine split microfiber production process is highly advantageous over prior 
art fine microfiber production processes. Unlike the prior art dissolving production 
processes, the present split microfiber production process is simple and spontaneous 
and does not create significant amounts of byproducts that may need to be disposed of. 
In addition, the present splitting process does not remove portions of the fibers. 
Consequently, the splitting process does not reduce the weight and fiber coverage of the 
fiber web. In fact, the present splitting process, which increases the number of fiber 
strands in the nonwoven web without reducing its basis weight, improves the fiber 
coverage and textural and physical properties of the web. Furthermore, the superfine 
microfiber webs produced from the present process provide highly desirable properties 
including strength properties and drapability over glass fiber webs containing comparably 
sized superfine glass microfibers. 

As stated above, the superfine split microfiber webs of the invention are produced 
from multicomponent conjugate meltblown fibers having at least two incompatible 
polymers that are placed to occupy distinct segments across the cross-section along the 
entire or substantially entire length of each fiber. In accordance with the present 
invention, each segment of the conjugate fiber is occupied by a polymer that is 
incompatible with the polymer or polymers of the adjacent segment or segments. For 
example, two incompatible polymer compositions are altematingly placed to form a 
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unitary conjugate fiber or a number of mutually incompatible polymers are placed to form 
the conjugate fiber. 

The conjugat fiber should have a cross-sectional configuration that is amenable to 
partial or complete dissociation. Accordingly, at least one dissociable segment of the 
5 cross-section of the conjugate fiber, which is occupied by one of the component 
polymers of the fiber, forms a portion of the peripheral surface of the fiber and has a 
configuration that is not occluded by the adjacent segments such that the dissociable 
segment is not physically impeded from being separated. 

Suitable configurations for the conjugate fibers include side-by-side configurations 

10 (Figure 1), wedge configurations (Figure 2), hollow wedge configurations (Figure 3) and 
sectional configurations (Figure 4). It is to be noted that a suitable configuration does not 
need to have a symmetrical geometry provided that it is not occlusive or interlocking. 
Accordingly, suitable configurations also include asymmetrical configurations, for 
example, shown in Figures 5-6. Splittable conjugate fibers having an asymmetrical 

15 cross-sectional configuration, for example, Figure 5 or Figure 6, form a superfine 

microfiber web containing a mixture of at least two groups of fibers having different cross- 
sectional configurations, sizes or shapes. In addition, the splittable conjugate fibers need 
not be conventional round fibers. Other useful fiber shapes include rectangular, oval and 
multilobal shapes. 

20 The different component polymers of the conjugate fiber need not be present in 

equal amounts. For example, a component polymer of the conjugate fiber may form a 
thin film-like section that merely acts as a divider between two adjacent component 
polymers, thus, providing a web that contains fine microfibers of mainly one polymer 
component. 

25 Additionally, the splittable conjugate microfibers may be crimped or uncrimped. 

Crimped splittable microfibers of the present invention are highly useful for producing a 
lofty web since crimps increase the bulk or loft of the web. 

In accordance with the invention, split microfibers having various thicknesses can 
be conveniently produced by adjusting the thickness of the conjugate fibers and/or 

30 adjusting the number of segments within the cross-section of the conjugate fibers. In 
general, a conjugate fiber having a finer thickness and/or a higher number of cross- 
sectional segments results in finer split microfibers. Correspondingly, the thickness of the 
split microfibers can be easily adjusted to have a wide variety of thicknesses. Of the 
suitable thickness controlling methods, the method of adjusting the number of cross- 

35 sectional segments is particularly desirable for the present invention. By adjusting the 
number of cross-sectional segments and the thickness of the conjugate microfibers, the 

5 
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split microfibers of th invention can ven be produced to have a weight-per-unit-length 
of about 0.2 urn or less. 

As indicated above, hydrophilic polymers suitable for th present splittabl 
conjugate fiber include both hydrophilic and hydrophilically modified polymers. Suitable 
5 hydrophilic polymers desirably have a contact angle less than equal to about 80°. 
Inherently hydrophilic polymers suitable for the present invention include thermoplastic 
polymers having the above-described hydrophilicity. Such polymers include copolymers 
of caprolactam and alkylene oxide diamine, e.g., Hydrofil®, which are commercially 
available from AlliedSignal Inc.; copolymers of poly(oxyethylene) and polyurethane, 

10 polyamide, polyester or polyurea. e.g., absorbent thermoplastic polymers disclosed in 
U.S. Pat. No. 4,767,825 to Pazos et al.; ethylene vinyl alcohol copolymers; and the like. 
U.S. Pat. No. 4,767,825 in its entirety is herein incorporated by reference. 

Hydrophilically modifiable polymers suitable for the present invention include 
polyolefins, polyesters, polyamides, polycarbonates and copolymers and blends thereof. 

15 Suitable polyolefins include polyethylene, e.g., high density polyethylene, medium 
density polyethylene, low density polyethylene and linear low density polyethylene; 
polypropylene, e.g., isotactic polypropylene, syndiotactic polypropylene, blends of 
isotactic polypropylene and atactic polypropylene, and blends thereof; polybutylene, e.g., 
poly(l-butene) and poly(2-butene); polypentene. e.g.. poly(l-pentene) and 

20 poly(2-pentene); poly(3-methyl-1-pentene); poly(4-methyl-1-pentene); and copolymers 
and blends thereof. Suitable copolymers include random and block copolymers prepared 
from two or more different unsaturated olefin monomers, such as ethyleneypropylene and 
ethylene/butylene copolymers. Suitable polyamides include nylon 6, nylon 6/6, nylon 4/6, 
nylon 11, nylon 12, nylon 6/10, nylon 6/12, nylon 12/12, copolymers of caprolactam and 

25 alkylene oxide diamine, and the like, as well as blends and copolymers thereof. Suitable 
polyesters include polyethylene terephthalate, polybutylene terephthalate, 
polytetramethyleneterephthalate, polycyclohexylene-1,4-dimethylene terephthalate, and 
isophthalate copolymers thereof, as well as blends thereof. 

In accordance with the present invention, when a hydrophobic or less than 

30 sufficiently hydrophilic polymer is used as the hydrophilic component of the splittable 
conjugate fiber, the polymer must be hydrophilically or wettably modified. One useful 
means for modifying the polymer composition is adding a hydrophilic modifying agent or 
hydrophilic modifier. Suitable hydrophilic modifiers include various surfactants. 
Depending on the final use of materials containing the split microfibers, the surfactants 

35 can be fugitive or nonfugitive. Fugitive surfactants, i.e., surfactants that wash off from 
the fiber surface, are suitable if the split fibers are used in single exposure applications or 
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applications in which nonwettable or hydrophobic properties are desired. When a fugitive 
surfactant is utilized, the split microfiber web can be subsequently washed such that the 
web and the split microfibers of the web become hydrophobic. Nonfugitive surfactants, 
i.e., surfactants that permanently or semipermanently adhere to the fiber surface, are 
5 suitable if the split fibers are used in applications in which more durably wettable or 
hydrophilic properties are desired. In addition, particularly suitable internally added 
surfactants are selected to have a low compatibility with the polymer of the hydrophilic 
component of the fiber since such surfactants readily migrate to the surface of the fiber 
during the fiber spinning process. When a surfactant having a slow migration 

1 o characteristic is utilized, the fibers may need to be heat treated or annealed to facilitate 
the migration of the surfactant to the surface. Such heat treatment is known in the art as 
a "blooming" process. Illustrative examples of suitable surfactants include silicon based 
surfactants, e.g., polyalkylene-oxide modified polydimethyl siloxane; fluoroaliphatic 
surfactants, e.g., perfluoroalkyl polyalkylene oxides; and other surfactants, e.g., actyl- 

15 phenoxypolyethyoxy ethanol nonionic surfactants, alkylaryl polyether alcohols, and 
polyethylene oxides. Commercially available surfactants suitable for the present 
invention include various poly(ethylene oxide) based surfactants available under the 
tradename Triton, e.g., grade X-102, from Rohm and Haas Crop; various polyethylene 
glycol based surfactants available under the tradename Emerest, e.g., grades 2620 and 

20 2650, from Emery Industries; various polyalkylene oxide modified polydimethylsifoxane 
based surfactants available under the tradename Masil, e.g., SF-19, which is available 
from Mazer; polyalkylene oxide fatty acid derivatives available under the tradename 
PEG, e.g. PEG 400, which is available from ICI; sorbitan monooleate, e.g., Span 80, 
which is available from ICI; ethoxylated hydroxylated castor oil, e.g., G1292, which is 

25 available from ICI; a mixture of sorbitan monooleate and ethoxylated hydroxylated castor 
oil, e.g., Ahcovel Base N62, which is available from ICI; polyoxyalkylene modified 
fluoroaliphatic surfactants which are available, e.g., from Minnesota Mining and 
Manufacturing Co.; and mixtures thereof. 

The amount of surfactants required and the hydrophilicity of modified fibers for 

30 each application will vary depending on the type of surfactant and the type of polymer 
used. In general, fibers containing more hydrophilic or hydrophilically modified polymer 
or polymers result in more spontaneous splitting. Consequently, a high level of surfactant 
can be added to the polymer composition of the conjugate fibers provided that the 
surfactant level is not too high as to adversely affect the processability of the polymer 

35 composition. Typically, the amount of the surfactant suitable for the present fiber 

composition is in the range of from about 0.1% to about 5%, desirably from about 0.3% 
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to about 4.5%, mor desirably from about 0.5% to about 4%, by w ight based on the 
weight of the polymer composition. The surfactant is thoroughly blend d with th polymer 
composition b fore the composition is proc ssed into fibers. For example, when a 
melt-extrusion process for producing fibers is utilized, the surfactant is blended and 
melt-extruded with the polymer compositions in extruders and then spun into fibers. 

In accordance with the present invention, additional component polymers for the 
splittable conjugate fibers are selected from hydrophilic and hydrophobic thermoplastic 
polymers. Suitable polymers include the above-illustrated hydrophilic polymers and 
hydrophilically modifiable polymers. The additional component polymers do not have to 
hydrophilic, but need to be incompatible with the hydrophilic component polymer of the 
meltblown conjugate fibers. 

The term "incompatible polymers" as used herein indicates the polymers that do 
not form a miscible blend when melt blended, i.e.. immiscible. As a desirable 
embodiment of the present invention, differences in the polymer solubility parameter (8) 
are used to select suitably incompatible polymers. The polymer solubility parameters (6) 
of different polymers are well known in the art. A discussion of the solubility parameter is, 
for example, disclosed in Polymer: Chemistry and Physics of Modern Materials , pages 
142-145, by JMG Cowie, International Textbook Co., Ltd., 1973. Desirably, the adjacently 
disposed component polymers of the present meltblown conjugate fiber have a 
difference in the solubility parameter of at least about 0.5 (cal/cm 3 ) 1 ' 2 , more desirably at 
least about 1 (cal/cm 3 ) 1/2 , most desirably at least about 2 (cal/cm 3 ) 1/2 . The upper limit of 
the solubility parameter difference is not critical for the present invention since the higher 
the difference, the more spontaneous the splitting of the fiber becomes. 

Illustrative examples of particularly desirable pairs of incompatible polymers useful 
for the present conjugate microfibers include polyolefin-polyamide, e.g., polyethylene- 
nylon 6, polyethylene-nylon 6/6, polypropylene- nylon 6, polypropylene-nylon 6/6, 
polyethylene-a copolymer of caprolactam and alkylene oxide diamine, and polypropylene 
-a copolymer of caprolactam and alkylene oxide diamine; polyolefin-polyester, e.g., 
polyethylene-polyethylene terephthalate, polypropylene-polyethylene terephthalate, 
polyethylene-polybutylene terephthalate and polypropylene-polybutylene terephthalate; 
and polyamide-polyester, e.g., nylon 6-polyethylene terephthalate, nylon 6/6- 
polyethylene terephthalate, nylon 6-polybutylene terephthalate, nylon 6/6-polybutylene 
terephthalate, polyethylene terephthalate-a copolymer of caprolactam and alkylene oxide 
diamine, and polybutylene terephthalate-a copolymer of caprolactam and alkylene oxide 
diamine and polypropylene. 
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Figure 7 illustrates an xemplary process for producing a superfine split microfiber 
nonwoven web of the present invention. A process lin 10 is arranged to produce a split 
meltblown fiber nonwoven web of two polymer components (bicompon nt). It is to be 
noted that conjugate meltblown fibers containing more than two polym r components can 
5 be produced. The process line 10 includes a pair of extruders 12a and 12b for 

separately melt-processing two incompatible component polymers. One or both of the 
component polymers are hydrophilic polymers or hydrophobic polymers blended with 
effective amounts of a hydrophilic modifier in accordance with the present invention, and 
they are fed into respective extruders. Alternatively, the hydrophilic modifier can be 

10 injected into the respective extruders. The polymers are melt-processed in the extruders 
and then fed to, for example, a side-by-side die head 14. Generally described, the die 
head 14 includes a housing containing a plurality of plates stacked one on top of the 
other with a pattern of openings arranged to create flow paths for directing polymer 
extrudates through the die 14 into die tip openings or orifices 16. The die head tip 22 

is which is shown in cross-section in FIG. 8, contains die openings 16. Each of the 
openings 16 receives predetermined amounts of the two extrudates in a side-by-side 
configuration, forming a side-by-side filament 24. Hot high-pressure fluid, usually air, is 
supplied to the die tip via pipes 18 and 20 which terminate in channels 26 and 28 
adjacent the die openings 16. As the extrudates exit the die openings 16 to form 

20 filaments 24, the high-pressure fluid attenuates and carries the filaments 24 onto a 

moving foraminous belt 30. Alternatively, the high-pressure fluid can be used to attenuate 
filaments and to break up the filaments to form air-bome fine discontinuous fibers. The 
attenuated filaments or fibers 24, which are not fully quenched and still tacky, are 
randomly deposited to form an autogenously bonded nonwoven web 32. A vacuum is 

25 drawn underneath the foraminous belt 30 to assist the web formation. Once the fibers 
are deposited and the web is formed, the web 32 is drawn from the belt 30 by rolls 34 
and 36. The conjugate meltblown fiber web 32 is then passed under a spray apparatus 
38 that thoroughly and evenly applies a hot aqueous split-inducing medium, e.g., steam 
or hot water, to split the fibers of the web. As an alternative embodiment, the web 32 can 

30 be passed though a hot water bath. A vacuum apparatus (not shown) can be placed on 
the other side of the web under the spray apparatus 38 to remove the applied 
split-inducing medium. The spilt fiber web is then dried. 

The superfine split meltblown fiber web exhibits desirable properties, such as 
uniformity of the fabric, uniform fiber coverage, high barrier properties, high filtration 

35 properties and high fiber surface area. Webs containing the split microfibers that exhibit 
the above-illustrated desirable properties are highly suitable for various uses. For 
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example, nonwoven webs containing the split microfibers are highly suitabl for various 
uses including disposable articles, e.g., protective garments, sterilization wraps, wiper 
cloth and covers for absorbent articles. 

As another embodiment of the present invention, the superfine microfiber web may 
be used as a laminate that contains at least one layer of the split microfiber web and at 
least one additional layer of another woven or nonwoven fabric or a film. The additional 
layer for the laminate is selected to impart additional and/or complementary properties, 
such as textural and strength properties. The layers of the laminate can be bonded to 
form a unitary structure by a bonding process known in the art to be suitable for laminate 
structures, such as a thermal, ultrasonic, adhesive, or hydroentangling process. 

A laminate structure highly suitable for the present invention is disclosed in U.S. 
Pat. No. 4,041,203 to Brock et al., which is herein incorporated in its entirety by 
reference. In adapting the disclosure of U.S. Pat. No. 4,041,203, a pattern bonded 
laminate containing at least one layer of a continuous filament nonwoven web, e.g., 
spunbond fiber web, and at least one layer of the present superfine split microfiber 
nonwoven web can be produced, and such laminate combines the strength and textural 
properties of the spunbond web and the breathable barrier properties of the split 
microfiber web. The laminate structures are highly suitable for various uses including 
various skin-contacting applications, such as protective garments, covers for diapers, 
adult care products, training pants and sanitary napkins, various drapes, and the like. 

Yet another embodiment of the present innovation, the superfine split microfiber 
webs of the present invention is highly suitable for various filter media in that the webs 
have superfine fibers and uniform fiber coverage and provide highly desirable filtration 
properties. An example of microfiber filter media concept that can be adapted to use the 
present superfine microfiber webs is disclosed, for example, in U.S. Pat. No. 4,824,451 
to Vogt et al., which patent is herein incorporated by reference. 

The following examples are provided for illustration purposes and the invention is 
not limited thereto. 

Examples: 

Testing Procedures: 

Frazier Permeability . The Frazier permeability, which expresses the permeability of 
a web in terms of cubic feet per minute of air per square foot of medium at a pressure 
drop of 0.5 inch of water, was determined utilizing a Frazier Air Permeability Tester 
available from the Frazier Precision Instrument Company and measured in accordance 
with Federal Test Method 5450, Standard No. 191 A. 
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Contact Angle : The contact angle is an initial contact angl , t. ., measured within 5 
seconds, that was measured on a 13 cm x 13 cm cast film, which had a 3 mm thickness, 
with deionized water in accordance with ASTM D724-89. 

5 Example 1 (Ex1) 

A bicomponent meltblown fiber web was formed in accordance with the process 
described in U.S. Pat. No. 3,978,185 to Butin et al., except a side-by-side die head was 
used and two single screw extruders were used to process the two component polymers. 
The meltblown fibers of the web had 50 wt% of polypropylene and 50 wt% of nylon 6, 

10 based on the total weight of the fibers. The polypropylene was Himont's HH441 , and the 
nyion 6 used was custom polymerized polycaprolactam, which was produced by Nyltech, 
Manchester, NH, and had a formic acid relative viscosity of 1.85. The solubility 
parameter difference of the two polymers is larger than 5 (cal/cm 3 ) 1 ' 2 . The nylon 
component additionally contained 2 wt% of ethyoxylated polysiloxane, SF-19, which is 

is available from Mazer. The polymer components were fed into the extruders and were 
processed to 455°F (235°C) extrudates. The extrudates were fed into the die and 
processed into a meltblown bicomponent fiber web. The meltblown web was removed 
from the forming surface and placed in boiling water for 5 seconds. The treated web was 
then dried, and the web studied under a microscope. In addition, the modified nylon 

20 component composition was tested for its hydrophilicity and had a contact angle of about 
40°. 

The observation under the microscope indicated that a large portion of the fibers of 
the meltblown fiber web was split during the water treatment. 

25 Comparative Example 1 (C1) 

Comparative Example 1 is the meltblown bicomponent fiber web of Example 1 
before the web was treated in boiling water. The nonwoven web did not contain 
apparently visible split fibers. 

30 The visual observation of the webs of Example 1 and Comparative Example 1 

demonstrates that the conjugate microfibers containing a hydrophilic component polymer 
split when treated with a split-inducing medium of the present invention. 

Example 2 (Ex2) 

35 A meltblown bicomponent fiber web was produced in accordance with Example 1 

except the nylon component contained 4 wt% of the ethoxylated polysiloxane. The 
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contact angle of th modifi d nylon component was about 10°. Th treated nonwoven 
web was tested for its permeability, and the result is shown in Table 1. 

Comparative Example 2 (C2) 

Comparative Example 2 is the meltblown bicomponent fiber web of Example 2 
before the web was treated in boiling water. The permeability result is shown in Table 1. 



Table 1 

Example 

Ex2 

C2 



Frazier 
Permeability 

240 

312 



The significant decrease in permeability of Example 2 clearly demonstrates that the 
hydrophilically modified conjugate microfibers split to form a web containing increased 
number of fiber strands when treated with a hot aqueous fibrillation-inducing medium, 
thereby improving the barrier property of the web. 

Turning to the figures, Figure 9 is a scanning electron microphotograph of a 
representative section of the web of Example 2, and Figure 10 is a scanning electron 
microphotograph of a representative section of the web of Comparative Example 2. 
Figure 9 shows semicircular split fibers produced from round side-by-side meltblown 
fibers, whereas Figure 10 shows unsplit bicomponent fibers of the web of Comparative 
Example 2. 

As can be seen from the above examples, the present superfine split microfiber 
production process provides a spontaneously split superfine microfiber web. In addition, 
the superfine split microfiber web produced from the process provides a highly desirable 
combination of textural and physical properties, including desirable softness, uniform 
fiber coverage, desirable strength properties, drapability, high barrier properties, high 
filtration properties and the like. 
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What is claimed is: 

1 . A splittable microfiber comprising a first polymer component and a second polymer 
component, wherein the first and second polymer components occupy distinct segm nts 
across the cross-section and extending along the length of said microfiber, said first 
polymer component is incompatible with said second polymer component and at least 

5 one of said first and second polymer components is hydrophilic. 

2. The splittable microfiber of claim 1 wherein the hydrophilic polymer component 
comprises a thermoplastic polymer and a hydrophilic modifier. 

3. The splittable microfiber of claim 1 wherein said hydrophilic polymer component 
comprises a hydrophilic polymer. 

4. The splittable microfiber of claim 2 wherein said hydrophilic modifier is a surfactant. 

5. The splittable microfiber of claim 4 wherein said hydrophilic component has an initial 
contact angle equal to or less than about 80° as measured in accordance with ASTM 
D724-89. 

6. The splittable microfiber of claim 4 wherein said hydrophilic component comprises 
between about 0.1% and 5%, based on the total weight of said component, of said 
surfactant. 

7. The splittable microfiber of claim 4 wherein said surfactant is a fugitive surfactant. 

8. The splittable microfiber of claim 4 wherein said thermoplastic polymer is a polyolefin, 
polyamide or polyester. 

9. The splittable microfiber of claim 3 wherein said hydrophilic polymer is a copolymer of 
caprolactam and an alkylene oxide diamine. 

10. The splittable microfiber of claim 4 wherein said first polymer component comprises a 
polyethylene and said second polymer component comprises a polyamide or polyester. 

11. A superfine microfiber web comprising split fibers of meltblown fibers. 
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12. The superfine microfiber web of claim 11 wherein said meltblown fibers comprises a 
first polymer component and a second polymer component, wherein th first and second 
polymer compon nts occupy distinct segments across the cross-s ction and xt nding 
along the length of said microfiber, said first polymer component is incompatible with said 

5 second polymer component and at least one of said first and second polymer 
components is hydrophilic. 

13. The superfine microfiber web of claim 12 wherein the hydrophilic polymer component 
comprises a thermoplastic and a hydrophilic modifier or comprises a hydrophilic polymer. 

14. The superfine microfiber web of claim 13 wherein said hydrophilic polymer 
component has an initial contact angle equal to or less than about 80° as measured in 
accordance with ASTM D724-89. 

15. The superfine microfiber web of claim 13 wherein said hydrophilic modifier is a 
surfactant and said hydrophilic component comprises between about 0.1% and 5%, 
based on the total weight of said component, of said surfactant. 

16. The superfine microfiber web of claim 15 wherein said surfactant is a fugitive 
surfactant. 

17. The superfine microfiber web of claim 16 wherein said surfactant is washed off and 
said split microfibers are hydrophobic. 

18. A filter medium comprising the superfine microfiber web of claim 12. 

19. A disposable article comprising the superfine microfiber web of claim 12. 

20. A superfine microfiber web comprising a blend of a first group of split superfine 
microfibers which comprise a first polymer and a second group of split superfine 
microfibers which comprise a second polymer, wherein the fibers of at least one of the 
groups are hydrophilic. 

21 . A meltblown fiber web comprising a blend of at least two groups of fibers, wherein 
each group of the fibers has a distinct cross-sectional configuration. 
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22. The meltbiown fiber web of claim 21 wherein said fibers are split fibers. 

23. A process for producing split superfine meltbiown fiber web, which process 
comprises: 

a) providing a splittable meltbiown fiber web, said fiber web comprising meltbiown 
conjugate fibers, said meltbiown conjugate fibers comprising a first polymer and a second 
polymer, wherein the first and second polymers occupy distinct segments across the 
cross-section and extending along the length of the fibers, said first polymer is 
incompatible with said second polymer and at least one of said first and second polymers 
is hydrophilic; and 

b) contacting said meltbiown fiber web with a hot aqueous split-inducing medium to 
split said conjugate fibers of said web. 
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FIG. 10 
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